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Abstract

Research involving model organisms necessitates recording and archiving many types of animal maintenance
and use data. We developed a comprehensive inventory system using FileMaker Pro® to incorporate, record,
and archive data on zebrafish stocks, tank organization, husbandry, and fish usage. Our relational database is
constructed of tables containing detailed information on fish identity, parents of origin, tank location, mutant
phenotypes, caretakers, natural mating and in vitro fertilization experiments, and fish mortality. In addition to its
basic annotation and reporting capabilities, the database allows barcode scan entry of several actions, for
example, moving a tank of fish, mating or performing in vitro fertilization with specific fish, and recording dead
fish. All data are input in real time using either barcode scanning or manual entry. The database provides several
types of preformatted reports, as well as printed labels for tank location and stock identification. In summary, we
have created a versatile, multipurpose inventory system that can be personalized and enhanced for any zebrafish
facility and can be further adapted to organize data and archival information for other model systems or

applications.

Introduction

FOR DECADES, ELECTRONIC DATABASES have provided ac-
curate and detailed recording for animal facility manage-
ment in the maintenance of nonhuman primates,1 mice, > *and
dairy herds.’ Several electronic databases are suitable for use
with multiple types of organisms.®! Specialized databases
provide features such as storage of mutagenesis screening data
(Mutabase®) or statistical and genetic analyses of phenotypes
(MouseTRACS?). Inclusion of features that help manage In-
stitutional Animal Care and Use Committee (IACUC) proto-
cols, such as assignment of project numbers to new stocks* and
reminders and submission of animal study protocol updates, '’
can further facilitate research studies.

The zebrafish (Danio rerio) has been well established as a
model organism for vertebrate studies. Research laboratories
and facilities must record and archive many types of data
regarding the maintenance and use of zebrafish stocks and the
generation and propagation of mutant and transgenic lines.
Recording data on animal maintenance, use, and numbers of
individuals can be valuable for reporting to institutional ani-
mal care and use committees and for inspections, as well as
protect from overuse or misuse of fish lines. Often, laborato-
ries will collect several types of data in multiple formats,
sometimes in a mix of computer databases, logbooks, and

calendars. The comprehensive inventory system we describe
here provides one simple interface for recording, querying,
and summarizing all relevant data.

At each research institution or laboratory, there may be
several, perhaps dozens, of researchers and animal caretak-
ers who will regularly interact with the database. Therefore,
real-time capability is essential in maintaining the integrity of
the data.® Certain tasks, such as moving tanks within a facility
or creating a new stock record for the purposes of putting
larvae into the nursery, are best recorded at the time they are
performed. Our database has been created in FileMaker Pro
(FMP), a commonly used relational database software pack-
age. We configured our application such that the database file
and FMP Server software are stored on a central server and
FMP client software is used on all desktop computers and
facility laptops. This arrangement allows multiple users to
access the database concurrently. Thus, a technician may scan
barcodes in the fish facility, such as to report a dead fish in a
tank, at the same time that a graduate student is creating new
stock records or reports from his/her desktop computer.
Further, FMP allows for designation of different types of users
with various privileges and restrictions. Using administrative
privileges, the database file can be readily modified to serve
the needs of different facilities. Examples of personalization
may include adding new fields to data tables, creating report
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templates, and changing the room and tank locations to reflect
the physical setup of a given aquatics facility.

Always germane to the discussion of archival information
is the introduction of human error during data entry. The use
of barcoded labels can reduce much of this error and is cur-
rently used in many animal facilities.>*® We sought to both
minimize error and streamline data entry by barcoding not
only stock and tank location labels, but also regularly per-
formed tasks such as mating fish or changing the location of a
tank of fish (e.g., moving fish to a smaller tank). Providing
each facility space or room with the means to scan data and
functions readily, such as a laptop and a dedicated water-
resistant barcode scanner (Fig. 1), not only reduces human
error but also ensures user compliance in updating informa-
tion in a timely and consistent manner.

FIG.1. The Aquatics Facility FileMaker Pro (FMP) database
allows for easy and accurate barcode scan entry. (A) Actions,
such as reporting that a tank of fish has been used for in vitro
fertilization, can easily be entered by barcode scan. This
demonstration illustrates the use of a handheld scanner,
the scan guide, and the tank label. Also shown is the tank
location label (on the rack). (B) Each station is composed of a
laptop and handheld Bluetooth scanner, paired by serial
number. This pairing allows for multiple stations and data-
base users in one room.
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Currently, there are several commercially available animal
inventory systems. In 2001, eight such software packages were
compared.'? The programs ranged in cost: LAMS™, a simple
system for colony inventory, was reported as free for academic,
educational, and nonprofit institutions, whereas Topaz™, a
system that incorporates animal ordering and IACUC protocol
data, has an upper end of $100,000. Other software found
through searching the web include an application employing
barcodes in agrobusiness management (Argos software)
and the Dairybase system, which couples animal sensors and
a relational database for dairy cattle management.” Non-
barcoding systems include one geared toward businesses such
as ranches and kennels managing animal inventory and
financial data (Animal Trac; Starshine Enterprizes) and web-
based systems such as MouseTRACS, a system for husbandry
and screen management,4 and mLIMS Online Mouse Info
System for mouse colony management (BIOINFORX). At the
time we embarked on this project, commercial software choices
were limited and none were specifically tailored for the needs
of zebrafish researchers. We, therefore, set out to design a
program that incorporates the benefits of a relational database
and adds specialized features for management of genetic re-
search in a large-scale aquatics facility.

Data Tables

The comprehensive inventory system we developed is
based on a relational database model. Relational databases are
composed of tables that relate to each other through shared
characteristics (e.g., stock number or caretaker). Each entry in
a data table is referred to as a record. In FMP, records can be
sorted, queried, and viewed independently or in a list format.
Our relational database is composed of tables storing stock
information, tank location, assigned caretaker, and mutant/
transgenic properties.

The records in the stock table contain all the information
that was traditionally archived in logbooks in zebrafish re-
search labs, such as parental identity, date of birth, and allele
designations (Fig. 2). New records are automatically assigned
a unique stock number. Records display additional relational
data such as associated tank locations, history of deaths, and
a record of fish usage (namely, mating and in vitro fertiliza-
tion [IVF]). A stock management feature of the database
enables the use of given fish lines to be limited to certain
individuals. For example, although all individuals may record
mortalities and health problems for any tank, only an ap-
proved individual may work with the fish in a restricted use
stock.

Tank location tables contain information specific to a
given facility, such as room identifiers, rack numbers, row
number on a given rack, and tank position within a row. As
such, the tank location is composed of practical positional
information and guides the user to locate any tank effi-
ciently. Further, the tank location aspect of the database
supports a dynamic facility in that rooms, racks, rows, and
positions can be changed to reflect changes in the physical
space. A simple example involves swapping a 12-position,
3-L tank manifold with a 20-position, 1-L tank manifold:
eight additional tank positions are “activated” in the data-
base and new barcode labels for these positions are auto-
matically queued for printing. Relational data that are
displayed in the tank record view include the associated
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FIG. 2. Storage of stock-related data is much improved over previous methods. Screen-shot of a sample stock record from

the Aquatics Facility database.

stocks, any recorded dead fish or problems, and usage in-
formation.

The mutation table contains detailed information regarding
mutant and transgenic lines isolated or established and bred
in the facility (Fig. 3). The record view contains fields that
provide ample space for assigning allele numbers and de-
tailing morphological and gene expression phenotypes. An
image container field allows for placement of digital images.
The related stock numbers are displayed and provide a link to
the stock records.

Employee tables include contact information, lab associa-
tion, and e-mail preferences. As lab members are often re-
sponsible for raising and maintaining multiple lines of stock,
the database allows for assignment of ownership (“caretak-
er”) to each stock. The employee record view displays the
stocks and tank locations that a caretaker manages.

Data Entry by Barcode Scan or Manual Entry

Nine separate actions may be recorded in real time by
barcode scan (Fig. 4) or by manual entry of data. The nine
actions, or functions, fall into four categories (Fig. 5). The first
category, moving a tank of fish, is composed of three actions:
moving a tank onto the system, off the system, or from one
location to another within the system. The second category
involves fish usage, namely, performing IVF on or mating a
tank of fish. The third category contains two actions pertinent
to mortality and health data: reporting dead fish or problems
within a tank. Last, two actions create new stock records that
are appended with a decimal plus positive integers to dis-
tinguish identified founders or carriers of a gene or transgene
of interest from their stock of origin. The new stock records are
derived from the source stock record and thus share the base
stock number (e.g., stocks 1234 and 1234.1). Modifying stock
numbers by the addition of an informational suffix allows for

efficient recognition of carriers, reducing confusion between
unidentified fish in stocks and the corresponding identified
heterozygotes, homozygous mutants, or transgenic founders.

An important aspect of the nine functions is that they
quickly test whether the scanned entry is acceptable and
output either a positive or negative feedback sound. For ex-
ample, if a user scans the barcode for the function to “cross
fish” and then scan enters a tank label barcode for fish that
have been already used for mating within the same week, a
feedback sound will first indicate that the barcodes were
successfully scanned. A distinct sound will then signal that
the function is unacceptable. Other tests performed by the
database include whether a given tank may be used for IVF
based on the timing of their prior use, whether a tank position
does not correspond with an active fish record, or whether the
user has permission to work with a given tank. Further, the
feedback sounds correspond to sound files that can be per-
sonalized for each system (e.g., Homer Simpson’s catch
phrase “D’oh!” serves as our negative feedback sound). The
selection of different feedback sounds and the prerequisite
pairing of each scanner and laptop permit multiple, inde-
pendent stations (see hardware discussion below and Fig. 1)
to be used concurrently within the same room.

Having the option to introduce data through either manual
or barcode scan entry provides users with flexibility on where
and when to update their database information. If all of the
barcode scanners are in use, a lab member may choose to enter
data from his or her personal computer or at another station in
the facility rather than wait for an available scanner. Manual
data entry is performed using a computer keyboard to enter
the relevant data when prompted, such as stock and tank
location numbers. Instead of playing sound files after each
step, feedback is received only when there is an error, and in
those instances, descriptive error boxes are displayed on the
screen.
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FIG. 3. Descriptive data, both written and imaged, may be stored in our Aquatics Facility database. (A) Screen-shots
showing sample mutant data and (B) sample transgenic data from the mutants and transgenics section of the Aquatics

Facility FMP database.

An important component for implementation of the data-
base is the research and selection of a suitable hardware. We
prioritized three characteristics: simplicity, reliability, and
budget. We chose Bluetooth (BT) technology for data trans-
mission, because it is wireless, inexpensive, and easy to use
and there are a multitude of handheld scanners employing BT
technology on the market. We selected the Wasp Freedom
handheld barcode scanner for its impact- and water-resistant

properties, 160-foot BT range, and reasonable price ($400—
$500 USD, WWS800; Wasp Barcode Technologies). For the
aquatics facility, we selected laptops meeting minimal re-
quirements: network connectivity, a USB communications
port for BT adapters, a sound card for audio notifications, and
the ability to run FMP software. Each scanning station is
composed of a laptop and BT scanner, paired by serial num-
ber. We placed two scanning stations in a 52-rack facility and
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FIG. 4. Sample stock barcode output from the Aquatics
Facility database. (A) Stock labels are one of several bar-
coded items in the database. They may be printed on static
cling, vinyl laser labels and placed on the tank as an adhe-
sive-free and waterproof solution. (B) Tank location labels
may be printed on permanent, polyester laser labels and
affixed to tank racks.

one in each of two smaller, alternate light cycle rooms. Al-
though most computers have innate BT capability, we chose
Linksys Bluetooth USB adapters (USBBT100; Cisco) to boost
the range of wireless connectivity for inexpensive PC laptops.

The much-anticipated advent of electrostatic, vinyl label
sheets that are compatible with laser printers has provided
us with a solution for adhesive build-up on tanks and
an alternative to expensive thermal printers. We print labels
using Papilio Classic Color Laser Static Cling sheets
(HPSCW8511KH; Papilio), trim the sheets to size, and place
individual fish stock labels on the appropriate tanks (Fig. 3A).
We use another permanent, bar-coded polyester laser label
(44A-UN1267; Cils International) for each tank location (Fig.
3B), affixed to the steel racks. These water-resistant labels
have been in place for 5 years.
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A Versatile Tool for Facility Management

Aquatics facilities are typically located in rooms separate
from the laboratory. To keep laboratory members apprised of
the health of their stocks, the database provides each user an
option to receive e-mail notifications regarding the fish that
they are responsible for maintaining. The database will au-
tomatically e-mail the caretaker when dead fish and problems
are reported.

The database includes several preformatted reports that
provide the user with additional benefits. Two of the reports
assist in arranging space for juvenile fish: one report lists all
fish on the system that are younger than 1 month old and the
other report lists all available tank locations within the facility.
For facilities with nursery space, these reports can assist with
planning how to relocate fish from the nursery to the area
with adult tanks. Another report summarizes all tank con-
tents in physical order, supplying a printout that may be
double-checked for accuracy by performing a facility “walk-
through.” To conserve electrostatic label sheets and stream-
line label production, the creation of new stock records
automatically adds stock label entries to a queue for bulk
printout. The “new stock labels” report queries the database
for recently updated entries and provides a printable compi-
lation of barcode labels that can be readily distributed to the
correct tanks.

The database may be modified to accommodate the
needs of a particular facility or institution. Personalization
could range from changing the appearance of the interface to
modifying the tank label format to adding or removing
printed fields. Additional tables could be added, for example,
to keep track of sperm freezing, shipping and receipt of fish, or
for managing a mutagenesis screen.

Discussion

With the assistance of a database developer, we produced a
real-time, network-accessible database to manage an ~4000-
tank aquatics facility and to store descriptive and archival
information (Fig. 6). The database provides a facile and
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FIG. 5. Nine actions may be recorded by barcode scan or manual entry. (A) Screen-shot of the manual data entry section of
the Aquatics Facility database. Upper left box records actions relating to fish use, lower left box relates to creating new stock
records upon identification of carriers or founders of interest, middle box relates to moving tanks of fish, and right box relates
to reporting dead fish or problems within a tank. (B) Sample flowchart from Scan Instruction Sheet. Barcode scan entry is
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FIG. 6. Timeline for design and implementation of the Aquatics Facility FMP database. The authors developed the database
organization during the design phase. The program file was created during the construction phase and subsequently beta-

tested and revised.

comprehensive way to preserve and access all data associated
with maintaining a thriving zebrafish research facility. In
2009, we provided licensing rights to Aquatic Habitats to
modify, support, and distribute the database, with the goal of
making it accessible to the greater zebrafish research com-
munity. Upgraded versions along with the integration of
improved computer hardware technology ensure that the
inventory system will continue to evolve to fit the needs of its
clients.

Using FMP software, the database can be readily manipu-
lated and enhanced to suit the needs of any research group.
One enhancement could involve adding a script that outputs
the dead fish and health problems data into a timeline to
determine trends and solve global facility issues. A unique
strength of the database is that it contains not only active
records but also archived records. A novel report could track
the ancestral lineage for a current or recent stock. Because
parental data are recorded for each stock, a multigenera-
tional trace is possible. One valuable application is to follow
mutations identified in mutagenized backgrounds; isolating a
desired phenotype is often complicated by the presence of
multiple mutations. The database provides an organized
format to record the breeding scheme and details associated
with mutant recovery. Genetic screen organization, trans-
genic line maintenance, and facility management are power-
ful features of the database. This comprehensive and versatile
tool eliminates the need for multiple databases. With spe-
cialized modifications, we expect that it will serve as a valu-
able template for research facilities using other model
organisms or for other applications.
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Note Added in Proof

We recently learned that Ted Moens (http://www.tsweb
work.com) has developed a web-based application for mana-
ging zebrafish facilities and for easy tracking of genetic markers
and stock lineages.
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